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Materials and Methods
LA-ICP-MS analyses
Zircon grains were separated using standard heavy mineral separation techniques. Selected zircons were annealed by heating to 900 ºC for 48 hours in a muffle furnace. Zircons were imaged Cathodoluminescence imaging to characterize internal zircon textures (Fig. S7) . The trace element abundances were measured and low-precision U/Pb ages were determined ( Fig.   S1 ) to distinguish magmatic from inherited crystals using Laser Ablation Inductively Coupled Plasma Mass Spectrometer (LA-ICPMS). A193 nm Resonetics Resolution 155 laser ablation system coupled to a Thermo Element XR Sector-field ICP-MS (Guillong et al., 2014) was used.
Laser parameters include a spot size of 30 µm, a repetition rate of 5Hz and an energy density of 2 J cm-2. Detailed parameters can be found in Table X fallowing the community-derived guidelines (Horstwood et al., 2016) . For dating, GJ-1 was used as calibrating reference material (CRM). Validating reference materials (VRM) included were AusZ7-5 2.41 Ma (von Quadt et al., 2016) , AusZ7-1 38.9 Ma (Kennedy et al., 2014) , Plešovice 337 Ma (Sláma et al., 2008) , Temora 417 Ma (Black et al., 2003) and 91500 1065 Ma (Wiedenbeck et al., 1995) . The VRM results show the achievable precision and accuracy of the method, which is in the range of 1.5%. The data was reduced using Iolite 2.5 (Paton et al., 2011; Paton et al., 2010) and VizualAge (Petrus and Kamber, 2012) . No common-Pb correction was applied but integration intervals were set to exclude inclusions, common Pb and discordant parts of the signal. Discordant measurements were discarded. The long term external uncertainty is in the range 1.5% for 206 McLean et al., 2015) . Samples were dissolved in Parr bombs at 210°C for ~60 hours. After dissolution, samples were dried down and redissolved in 6 M HCl at 180 °C for several hours and then dried down again before redissolving them in 3 M HCl for ion exchange chemistry. U and Pb were separated using a single-column HCl-based ion exchange chemistry (Krogh, 1973) .
The U-Pb fractions were loaded on outgassed Re filaments with ~1 µl of Si-gel emitter (modified from Gerstenberger and Haase (1997) ). U and Pb isotopes were measured using a Thermo TRITON Plus thermal ionization mass spectrometer. Pb isotope ratios were measured using a dynamic peak-hopping routine on the axial MasCom secondary electron multiplier. U isotopes were measured as uranium-oxide (UO2) employing a static measurement routine with Faraday cups equipped with 1013 ohm feedback resistors (Guillong et al., 2014; Wotzlaw et al., 2017) .
Details of mass spectrometry protocols and applied corrections are provided by Wotzlaw et al., 2017) . Data reduction, age calculation and uncertainty propagation was performed using the Tripoli and ET_redux software package (Fig. S8 , Bowring et al., 2011; McLean et al., 2011) . Calculation of U-Pb ratios and dates uses the tracer composition of Condon et al. (2015) and the decay constants of Jaffey et al. (1971) . 206Pb/238U dates were corrected for initial 238U-230Th disequilibrium employing a constant Th-U partition coefficient (DTh/DU) of 0.2 . Analytical uncertainties are reported at the 95% confidence level but systematic uncertainties associated with the tracer calibration and decay constants are ignored.
Modeling the evolution of magma in the Ivrea-Verbano Zone and Serie dei Laghi
We used a two-dimensional thermal model (Karakas et al., 2017a; Karakas and Dufek, 2015) , based on fully implicit finite volume solution suggested by Patankar (1980) . We assume that the width and depth of the system are 60 km and 60 km, where upper 30 km represents the crust and remaining 30 km represents the upper mantle. Based on the field observations, upper 18 km of the model is assumed as amphibolite facies metamorphic rocks (upper crust) and remaining 12 km of crust (lower crust) is assumed as granulite facies metamorphic rocks (Sinigoi et al., 2011) .
The melt fraction-temperature relationships of the lower and upper crustal metamorphic lithologies are taken from experiments of Vielzeuf and Holloway (1988) . The intruded magma in the lower crust is assumed mafic in composition, where the composition is taken from the most primitive mafic exclave from a sample at the roof of the Mafic Complex (sample VM117, Sinigoi et al., 1994) . Assuming 2 wt.% H 2 O and 7 kbar pressure for the lower crust, a phase diagram for basaltic intrusions was calculated using rhyolite-MELTS ( These numerical simulations allow us to investigate evolution of magmas and crustal rocks over time. Separate sets of simulations were run to quantify the magma evolution in the IvreaVerbano Zone and Serie dei Laghi system constrained by petrologic, seismic, and electromagnetic results of this study and previous investigations. Relevant results are discussed in the main text. General model assumptions and numerical details are described in Karakas et al. (2017a) .
Detailed sensitivity tests of the numerical model have been analyzed in previous work, where we investigated a wide range of parameter space to quantify the magma evolution in the crust under different conditions (e.g., water content, extension, composition, >300 simulations in total, Karakas et al., 2017a; Karakas and Dufek, 2015; Karakas et al., 2017b) . These studies have suggested that magmatic water content, depth of intrusions, composition, and extension rate can change the amount of magma in the crust significantly, showing that changing conditions (extension, crustal thickness, water content, flux) will increase or decrease the amount of magma generated in the system based on the feedback between different processes. In the present work, we used an extensive literature work and presented field and laboratory observations in order to constrain our numerical model to the Ivrea-Sesia magmatic system. As we constrain the volume of magma and timescales based on field observations and geochronology, small changes in different parameters will give results in the same order of magnitude (timescale= 10 6 yr; flux=10 -3 km 3 /yr). Our study mimics the system's behavior on a first-order and explains the evolution of the system together with geochronology, geochemistry, and field observations.
Transcrustal mush systems at different tectonic settings
The growth rates of transcrustal mush columns may vary as a function of tectonic settings. A compilation of about 2500 crustal-scale zircon U-Pb age analyses from various magmatic arcs reveals a striking difference between the overall duration of magmatism in the Sesia Magmatic System compared to magmatic systems that have developed at convergent plate margins (Fig.   S9 ). In large systems such as the Kohistan arc, multiple stages of magmatism and crustal growth yield a total range of zircon ages in excess of 100 million years (Fig. S9) . Similarly, in the Talkeetna arc, the overall magmatism appeared to have lasted >30-50 million years ( Individual zircons Individual zircons 206 Pb/ 238 U dates of zircons and corresponding Eu/Eu* for the entire crustal section and lower and upper crustal units separately. C: Ti-in-zircon temperatures and corresponding Eu/Eu* for the entire crustal section and lower and upper crustal units separately. As the system initiates with small intrusions and grows/evolves with incremental magma intrusions over a long timescale, the trace elements do not show strong correlation as would be expected in a system that starts as a large body and cools down over time.
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Fig. S5.
Phase diagrams of crustal lithologies and intruded magmas in the upper and lower crust, used as input parameters in the thermal model. A, B: Melt fraction versus temperature relationship of upper crustal amphibolite facies metapelites and lower crustal granulite facies metapelites, after experiments of Vielzeuf and Holloway (1988) . C: Phase diagram of granodioritic melt, after MELTS simulation for upper crustal conditions. The composition of the melt is from our sample IVZ616-11 that has the most primitive upper crustal composition (SiO 2 =67.740, TiO 2 =0.506, Al 2 O 3 =15.190, Fe 2 O 3 =3.989, MnO=0.059, MgO=0.8, CaO=2.582, Na 2 O=3.346, K 2 O=4.732, P 2 O 5 =0.177). D: Melt fraction versus temperature relationship of the lower crustal intrusions, after MELTS simulation for lower crustal conditions. The composition is taken from sample VM117 of Sinigoi et al. (1994) that represents the most primitive mafic enclave at the roof of the Mafic Complex. Kernel distribution diagrams showing compilation of >2500 zircon U/Pb ages for crustal sections from different tectonic settings. A: CA-ID-TIMS (this study), LA-ICP-MS (this study), and SHRIMP analyses (Peressini et al., 2007; Quick et al., 2009 ) on the Ivrea-Verbano Zone and Serie dei Laghi units, Italy. B: CA-ID-TIMS and LA-ICP-MS analyses (Ducea et al., 2017) on Valle Fertil section of the Famatinian arc, Argentina. C: ID-TIMS (Bouilhol et al., 2011; Heuberger et al., 2007; Schaltegger et al., 2002; Stirling, 2017) and LA-ICP-MS analyses (Jagoutz et al., 2009; Yamamoto et al., 2005) on different sections of the Kohistan arc, Pakistan. D: ID-TIMS and LA-ICP-MS analyses (Rioux et al., 2007) 
